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An investigation was conducted i n  an a l t i tude  test chamber a t   t h e  
NACA Lewis laboratory t o  determine the performance characterist ics of 
the  J73-GE-IA turbojet  engine, This model engine had a fixed-area ex- 
haust  nozzle and was the  first of a ser ies  of 573 production  engines. 
Performance data were obtained a t  simulated altitudes from l5,OOO t o  
55,000 f e e t  and at fliat Mach nunibers from approximately 0.07 t o  1.01, 
which correspond t o  a range of compressor-inlet Reynolds number index 
values from 0.90 t o  0.13. 

-ne performance i s  presented in  the  form of engine pumping char- 
ac ter i s t ics  and couibustion efficiency, from w h i m  the over-all perform- 
ance may be calculated for any flight condition within the range of 
Reynolds number indices covered  by the  ewerimental data. Curves of 
net  thrust  and fue l  flow, computed from these data, are  presented as 
functions of t r u e  airspeed  for  four  al t i tudes.  Data are a lso  included 
t o  enable  the  determination of thrust in flight. 

INTRODUCTION 

An investigation w a s  conducted in an a l t i t ude   t e s t  chamber a t  the 
NACA Lewis laboratory  to determlne the complete  performance and opera- 
t ional   character is t ics  of the J73 turbojet  engine. The first phase of 
t h i s  program, which is reported  herein, was an altitude-performance 
evaluation of the J73-GE-1A engine.  Pending development of an improved 
control,  this  engine had a turbine-nozzle  area  ten  percent l a g e r  than 
the design  area f o r  later engine models i n  order t o  avoid compressor 
surge  during flight t e s t s .  The engine also incorporated  variable 
compressor-inlet guide vanes t o  avoid  p&-speed  surge. Throughout the 
investigation  reported  herein, however, the  guide vanes were fixed at 
the  design angle for the  high engine  speed,  range (13' from axial) . 



The over-all  altitude-performance  characteristics of t h i s  engine 
are  reported  herein, and the  component performance characterist ics are 
given in  reference 1. Data were obtained  over a corrected  engine  speed 
range from 83 to 108 percent of rated speed, at a l t i tudes from 15,000 
t o  55,000 feet ,  and at f l i gh t  Mach numbers from approximately 0.07 t o  
1.01. The corresponding range of  compressor-inlet Reynolds m e r  index 
values was from 0.90 to 0.13. 

The data are presented i n   t h e  form of  engine pumping characteris& 
t i c s   t o  allow  accurate  calculation of engine  performance at any oper- 
a t ing  or  flight condition  within the range  covered by the  experimental 
data. F r o m  the pumping characterist ics,   net   thrust  and fue l  flow were 
calculated and are presented as functions of true airspeed  for  sea 
level  and for   a l t i tudes  of 15,000, 35,000, and 50,000 fee t .  A curve 
is  also presented that will allow  determination of thrust i n   f l i g h t  by 
the measurement of ad ien t   s ta t ic   p ressure  and total   pressure in the 
exhaust  nozzle. 

INSTALLATION AND RJSTRTJMEfITATION 

Engine. - The J73-GE-lA turbojet engine (fig.  I] has variable 
compressor-inlet guide iranes, a 12-stage axial-flow compressor, ten 
cannular-type combus-t;ors, a two-stage turbine, and a fixed  conical ex- 
haust nozzle. A t  engine  speeds above 6400 r p m ,  the  variable  inlet  
guide  vanes are  scheduled t o  be i n  the open positton, uith the tangent 
l ine between the  leading and t r a i l i ng  edges at the blade t i p  forming 
an angle of 1 3 O  with  the  engine  center  line. A t  lower engine  speeds, 
the guide vanes  ape  scheduled t o  be in the  closed  position t o  avoid 
compressor surge,  wtth  the  tangent  line  fordng an angle 0f.43~ with 
the engine  center  line. I n  addition to the   in le t  guide-vane variation, 
the  turbine-nozzle  area of the engine was increased t o  U O  percent of 
the  design  value  for  later engine models as a further precaution t o  
avoid compressor surge un t i l   t he  engine control i s  refined. Compressor- 
out le t  leakage and a small amount of bleed a i r   a r e  used fo r  a balance- 
pis ton  force  a t   the   f ront  of the compressor and for  cooling  the  turbine 
disks and the first-stage  turbine  nozzles. The exhaust  nozzle (20.95- 
inch  cold diameter) was sized t o  give the rated exhaust gas temperature 
of 1215' F at  sea-level  static  conditions on a standazd day at the 
rated engine  speed of 7950 rpm. A t  these  conditions, the rated engine 
thrust  i s  8630 pounds and t he   a i r  flow i s  142 pounds per second. 

Altitude chamber. - The a l t i tude  chamber i n  which the engine was 
instal led is shown schematically i n  figure 2. The test-chamber  diameter 
is  14 f ee t .  Atmospheric air or  heated  or  refrigerated dry a i r  can  be 
supplied t o   t h e   i n l e t  of the test  chamber. The engine was mounted on 
a mvable  test-bed, which was connected through  linkages t o  a thrust-  
measuring cel l  of the null-type  pressure-balanced diaphragm deaign. 
The tbrust  apparatus was .calibrated by the dead-Weight method with the 
engine and a l l  connections i n  place. - 
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The inlet or  ram-pressure section of the chauiber was separated f r o m  
the  eihaust or  altitude-pressure section of the chardber by a bulkhead. 
A labyrinth-type  frictionless seal was provided between the bulkhead 
and the  engine-inlet  duct t o  allow a slight amount of &a1 mveutent 
of the engine  without  binding. The bellmouth cowl was attached t o  the . 
b-ead and therefore  transmitted no force   to  the engine-inlet  duct. 

Instrumentation. - The stat ions throughout t he  engine at which 
instrumentation was ins ta l led   a re  shown i n  figure 3. Schematic draw- 
ingg of the  location of instrumentation at those  stations that me 
pertinent  in  the  determination of over-all  engine performance are given 
in  figure 4 .  All pressures were photographically  recorded with either 
mercury- or  alkazene-filled manometers. Temperatures were  reeorded  by 
automatic  self-balancing  potentiometers. Engine speed was determined 
by a chronometric  tachometer, and fuel  flow was measured by means of 
calibrated  rotameters. 

Performance data were obtained at simulated altitudes from 15,000 
t o  55,000 f ee t  and flight Mach numbers from 0.07 t o  1.01. Engine speed 
was varied f r o m  approximately 6400 rpm t o  the  rated speed of 7950 rpm. 
Lower engine  speeds, at which the M e t  guide vanes are scheduled to 
be in  the  closed  position, were not  obtained  because of special imtru- 
mentation, wfiich prevented movement of the gufde vanes. During this 
phase of the  investigation, fu l l  control of inlet-air temperatures was 
not possible; however, temperatures were obtained i n  the range q m  
-25' t o  40' F. 

Fuel conforming t o  specification MIL-F-56M grade JF-4 with a ' 

lower heating  value of 18,700 Btu per pound and a hydrogen-carbon r a t io  
of 0.168 was used  throughout the  investigation. Air f l o w  was obtsined 
from a survey of t o t a l  and static  pressures i n  the engine inlet at 
s ta t ion  1 ( f ig .  3). 

A l l  symbols used i n  this report  are  defined  in appendix A. 

RFSUL!L'S AND DISCUSSION 

A l l  the  over-all  perf 'omnce  data  obtained  in  the  investigation 
of the engine are compiled in   t ab l e  I in both  nongeneralized and gen- 
eralized form. It should be noted that  the data i n  nongeneralized 
fory are not  adjusted  for slight differences between the  actual and 
the NACA standard  values of inlet  pressure, exhaust  pressure,  or  engine- 
i n l e t  temperature. 
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Pumping characterist ics.  - If the exhaust-nozzle  pressure r a t io  of 
a turbojet engine i s  sufficiently  high  that   the flow  coefficient i s  
constant  with  increasing  nozzle  pressure  ratio,  the engine pressure 
r a t io  a t  any constant  temperature r a t i o  is a function  only of corrected 
engine speed, exhaust-nozzle area, and Reynolds  number. Except f o r  the 
effect  of Reynolds number, changes i n  altitude o r  flight Mach  number 
have no effect  on the engine pressure  ratio at constant  values of  engine 
temperature ra t io .  Accordingly for   the engine  discussed  herein,  the 
pumping characterist ics are completely  defined  by  curves  of  engine  pres- -8 

sure  ratio  against engine  temperature ratio  for  several  constant  values Lo 0 
of  Reynolds number index. These curves, coupled wtth  associated  curves m 
that give  the air flow and combustion efficiency at various  operating 
conditions,  conrpletely  define  the performance of the engine. 

The engine  speeds and flight, Mach numbers  above  which the exhaust 
nozzle m a  choked m e  defined in figure 5. The sol id  curve denotes the 
conditions at which the average  exhaust-nozzle  pressure ratio  corres- 
ponded t o  the cr i t ical   value.  However, the exhaust-nozzle  flow  coef- 
f ic ien t  had not  reached i t s  msximum value at the  cr i t ical   pressure 
r a t io  and continued to  increase up t o  an exhaust-nozzle  pressure r a t io  
of  about 2.2. The dashed l i ne  denotes the  conditions at which the ex- 
haust nozzle was considered  completely choked; tha t  is, the  pressure 
r a t io  was above c r i t i c a l  and the  flow  coefficient had reached i ts  maxi- 
mum value. The  pumping characterist ics of f igure 6, however, may be 
used with only small error  in  the  region between the two curves, but 
they are not  valid at nozzle  pressure  ratios below choking or   for   dif -  
ferent exhaust-nozzle  areas. The curves of figure 5 w e r e  determined 
from cross  plots of  exhaust-nozzle  pressure ratio  against  corrected 
engine  speed. The sol id  curve  required some extrapolation inasmuch 
as only a few data  points were i n  the region where the average  exhaust- 
nozzle  pressure  ratio was below the cr i t ical   value.  The data were 
sufficient,  however, t o  show that there was no appreciable Reynolds 
number effect  on the  sol id  curve. 

The  pumping chmacter is t ics   for  this engine (f ig .  61 are given i n  
the form of curves of  engine  pressure ratfo as a function of  engine 
temperature r a t io   fo r  a wide range of  Reynolds number indices. The 
al t i tudes and flight Mach numbers simulated i n  obtaining  the  different 
values of Reynolds number index  are  included i n   t h e  symbol key. Lines 
of constant  corrected  engine speed, in  percent of rated speed,  have 
been superimposed; and a comparison with  the  curves of f igure 5 shows 
that   the  exhaust  nozzle was choked fo r   v i r tua l ly  a l l  the  data of f ig -  
ure 6. Examination of the data reveals that it w a s  immterial what 
couibination  of a l t i tude  and flight Mach  nuniber w a s  used to   ob ta in  a 
given  value  of Reynolds number index for  the range of engine  speeds 
presented. Although the data obtained a t  Reynolds number indices of 
0.54 and 0.39 fall slightly  out of order,  examination of the buUr of 
the data shows that, at constant  corrected  engine speed, a progressive 
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increase  in T7/TL-_and decrease i n  P7/P1 occurred as the Reynolds 
nuniber index was reduced. These &awes- resu l t  from  reduced  compressor 
efficiency and corrected sir flow, as showb: in.reference 1. 

-.._ 

. .  . .. .. 

Air flow. - The effect  of Reynolds nuniber index on engine air flow 
is  shown i n  figure 7. Becavse of the data scat ter ,  curves  could  not  be 
drawn for  Reynolds number index  values of 0.16, 0.14, and 0.13. It is  
apparent, however, that the corrected air flow was reduced at a given 
corrected engine  speed as the  value of Reynolds number index was 
reduced. 

Fuel flow. - Because of Reynolds number effects  on component effi- 
ciencies and also because of vmia t ions   i n  cornbustion efficiency  with 
flight condition, the corrected  fuel flow does not  generalize t o  a 
single  curve as a function of corrected  engine speed. In  order to 
permit the  accurate  determination of f u e l  flow, the couibustion e f f i -  
ciency  has been generalized as a function of the combustion parrameter 
WaT7 ( f i g  . 8) . This pasanreter is  shown t o  be proportional t o  t h e  
familiar parameter FT/V in  reference 2. k t h  the air f low W, and 
the eXhaust-gas temperature T7 can be  obtained from figures 6 and 7, 
and the conibustion efficiency can thus be  aetermined. The ideal   fuel-  
air ratio required t o  pmduce a gLven temperature r i s e  from the engine 
i n l e t  t o  the  exhaust-nozzle i n l e t  is e v e n  in  figure 9 (data from r e f .  
3). The actual   fuel-air  r a t i o  m y  be  determined by dividing the ideal 
fuel-air  r a t i o  by the combustion efficit?ncy.  Fuel flow can then be . 
obtained by multiplying  the actual fuel-air   ra t io  by the air flow. 

Thrust. - By using  the  curves of figures 6 to 10 i n  conjunction 
with  equation (5) of appendix B, j e t  t h r u s t  may be calculated on the 
basis of r&e measurements a t   t h e  exhaust-nozzle i n l e t   a t  any value of 
Reynolds number .index  within  the  range  covered. A l l  values of rake 
j e t  t h r u s t  should  be  adjusted to actual t h r u s t  values by applying  a 
thrust coefficient, t h i i s ,  a calibration  factor  correlating  rake 
t h r u s t  data  with  actual  thrust  data as determined from force measure- 
ments on the  test-bed. However,  inasmuch as  the t h r u s t  coefficient 
was determined t o  be approximately 1.00 in th i s  investigation, no ad- 
justment was necessary. Net t h r u s t  can then be  obtained from jet t h r u s t  
by subtracting  the momentum force of t he   i n l e t   a i r .  A l s o ,  the t h r u s t  
may be calculated  for  various  values of ram-pressure  recovery o r  t a i l -  
pipe  pressure loss by proper  adjustment of the  engine-inlet o r  exhaust 
pressures. A sample calculation i s  given i n  appendix C t o   i l l u s t r a t e  
the use of the  curves. 

Performance from pumping characterist ics.  - Net thrust and f u e l  
flow for  operation  at  standard NACA altitude  conditions and 100-percent 
ram-pressure  recovery have  been calculated from the pumping character- 
i s t i c s  and are shown as  functions of true  airspeed  (fig. 10) f o r  engine 
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speeds of 100,.95, 90, and 85 percent of rated engine  speed. The por- 
t i on  of the curves  denoted by the broken line required  extrapolation of 
the pumping-characteristic  curves and may therefore be less accurate 
than  the  solid curves. The dot-dash  curve  of figure 10 defines  the 
condition of limiting  exhaust-gas  temperature. It i s  seen from f ig-  
ure 1O(a) that the exhaust  nozzle  used was very  sl ightly smaller than 
required  for  limiting  temperature at rated engine speed; limiting tem- 
perature  occurred at about 99 percent  of rated speed. From figures 
lO(b) t o  (a), it i s  seen that the temperature-limited  speed remained 
constant at about 99 percent  of rated speed fo r  all al t i tudes up t o  
50,000 f ee t .  This unusual trend  resulted from the compensating effect8 
of decreasing ambient a i r  temperature and reductions i n  compressor 
efficiency  (ref.  1) as the  a l t i tude was increased. Net thrust   ef i ibi ted 
the expected trend of f i rs t  decreasing and then  increasing as the   t rue  
airspeed was increased from the  static  condition. Inasmuch as the fue l  
flow  increased  continuously with true  airspeed,  the  specific fuel con- 
sumption also increased.  For example, at rated  sea-level  static con- 
dit ions the specific fuel consumption obtained from figure  lO(a) was 
0.956 pound of fuel  per hour per pound of net thrust. A t  an airspeed 
of 650 knots, this value  increased t o  1.328. 

8 
M 
0 

The effects  of increasing  altitude on engine  performance resu l t  
from the  following  factors: a reduction i n  ambient pressure, which 
reduces the engtne air flow; (2 a reduction i n  ambient air temperature, 
which permits  operation at higher  corrected engine  speeds with higher 
engine  pressure and temperature ratios;  (3) Reynolds nuniber effects,  
which decrease  the  corrected air flow, the compressor efficiency, and 
sometimes the  turbine  efficiency; and (4) decreased combustion e f f i -  
ciency  primarily due t o  reductions i n  combustor-inlet  pressure. The 
first two effects can be predicted from sea-level data by  use of the 
cormon correction  factors 6 and 8 .  Determination of the  remaining 
altitude effects  requires engine performance data at eimulated al t i tude 
conditions. For example, i f  the performance of t h i s  engine were pre- 
dicted at 95 percent of rated speed, an al t i tude of 50,000 feet ,  and 
an airspeed of 461 knots (Mach  number of 0.8) on the basis of sea-level 
performance data, the  net thrust would be  about 1360 pounds compared 
with  an actual value of 1367 pounds (see fig. 10( a)) . The unusually 
close agreement of the  predicted and actual thrusts for this engine i s  
a t t r ibuted  to   the  increase  in  engine  temperature ra t io   as   the Reynolds 
number index was reduced; this  increase  balanced the detrimental  effects 
of reduced Reynolds number on both engine air flow and compressor effi-  
ciency. The actual specif ic   fuel  consmugtion,  however, was 1.161 pounds 
per hour per pound of net thrust,  &ich i s  an increase of 3.4 percent 
over  the  predicted value of 1.122. 

(ll 

On the  basis of the curves- given i n  figures 6 t o  9, the  effects 
of nonstandard in le t -a i r  temperature may also  be  calculated.  For ex- 
-le, at take-off  conditions and 99.4 percent of rated engine speed, the 
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effect of increasing  the  adient air temperature from 59O t o  looo F ’ 

would be t o  reduce the thrmt by 9.4 percent and increase  the  specific 
* fbe l  consumption 1.1 percent. 

In-flight  thruet  determination. - In order t o  fac i l i t a te   the   de te r -  
mination -of engine thrust In fught and also t o  avoid  using  equation (5) 
in appendix B t o  determine the  thrust  of this  engine  configuration, j e t  
thrust i s  given in   f igure  11 as a function of the  quantity (1.86P7 - PO). 
The correlation of these  quantities is derived in  reference 4. It i s  
seen that   the  experimental correlation is good. For the exhaust-nozzle 
mea used  (20.95-inch  cold  diameter), the   j e t  t h r u s t  i s  about 2.4 times 
the  quantity [l.26P7 - po) . If the exhaust nozzle 3s trimmea t o  a 
sl igbt ly   different  diameter, the t h r u s t  values  given by. figure Ll must 
be adjusted by multiplying  the  value from figure U. by the   ra t io  of the 
area  actually  used t o  the  area  used  in this investigation. ‘phe use 
of figure 11 is  also i l lus t ra ted  in the sample calculation of appendix 
C. It should  be  noted tha t   t h i s  method of in-flfght t h r u s t  determina- 
t i on  is not valid when an ejector-exit  configuration is  employed, be- 
cause of the  effect  of the  ejector on the  static  pressure at the  exhaust. 
nozzle out le t .  

In using this method of measuring thrust, it is important t o  obtain 
an accurate  average  value of total   pressure i n  the exhaust  nozzle  be- 
cause of the  existence of large total-pressure  gradients.  Typical 
total-pressure  profiles &e shown i n  figure 12 f o r  several  operating 
conditions. In  this figure each a m 0 1  represents  the  average  value 
obtained a t  a  given  radius from rakes  located 90° apart (see f ig .  4(b)). 
Exadnation of prof i les  f o r  a large number of test   points shows tha t  
an average from four total-pressure probes located a t  78 percent of 
the nozzle  radius  gives  the  over-all  average  total  pressure  within 
a . 3  percent f o r  this p8rticulm engine. 

CONCLUDING BEMhBK9 

From this investigation of the s13-GE-’UL turbojet  engine, suffi- 
cient data have  been obtained and presented i n  the form of engine pump- 
ing characterist ics t o  allow calculation of complete  engine  perform- 

’ ance at a l l  flight  conditions with Reynolds number index *ues between 
0.90 and 0.20 at corrected  engine  speeds above 6700 rpm. Although air 
f l o w  data  are not available,  pumping-characteristic curcres are also 
presented f o r  Reynolds number index  values of 0.16, 0.14, and 0.13 t o  
aid in  estimating the engine  performance at extreme al t i tudes.  Curves 
of net  thrust and fuel f l o w ,  calculated from the  pumping characteris- 
t i cs ,   a re  also gtven  as functions of t rue   a i r sped  f o r  several 
a l t i tudes.  
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For a given  engine  speed, the  values  of,net  thrust  obtained  with 
this engine at altitudes up to  50,000 feet ,agreed closely  with  the  pre- 
dicted  values from sea-lev.el data. However, the detrimental  effects * 
of increasing altitude on the  over-all  englne performance were evldent 
i n   t h e  higher  specific  fuel consumptions incurred a t   a l t i t ude  compared 
with  the  values  predicted from sea-level  data.  Specific  fuel consump- 
tion  also  increased with increased flight Mach number o r  airspeed. The 
effect  af  having an ambient air temperature of LOOo F instead of the 
standard 59O F at approximate take-off  conditions was t o  reduce  the 
net thrust of this engine by 9.4 percent and increase  the  specific 8 
fuel consumption by 1.1 percent. 8 

Data are  also  presented  to  enable  the  determination of t h rus t   i n  
flight by measurements of total   pressure at the exhaust-nozzle i n l e t  
and of ambient static pressure. Optimum immersion of t he   t o t a l -  
pressure  probes and also  possible  errors due to  the  pressure  profile 
are  discussed  briefly. 

Lewis Flight  Propulsion  Laboratory 
National Advisory Committee f o r  Aeronautics 

Cleveland, Ohio, October 6, 1953 
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SYMBOLS 

The following symbols are used i n  this  report:  

9 

0 
m 
UI 
rp 

A cross-sectional  area, sq ft 

€3 force  exerted on test-bed, l b  

CD exhaust-nozzle flow coefficient 

FJ j e t   th rus t ,  lb 

Fn net thrust, lb 

f fuel-air  r a t i o  

Q acceleration due to gravity, 32.2 f t /sec2 

h enthalpy,  Btu/lb 

Mo flight Mach  number 

N 

P 

V 

engine  speed, rpm 

t o t a l  pressure, lb/sq f t  abs 

static  pressure,  lb/sq f t  abs 

gas constant, 53.4 ft-lb/(lb) (OR) 

t o t a l  temperature, OR 

s t a t i c  temperature, OR 

velocfty,  ft/sec 

air flow,  lb/sec 

f u e l  flow, lb/hr 

specif ic   fuel  consumption, lb/(hr) (lb net t h r u s t )  

r a t io  of specific  heats 

r a t i o  of engine-inlet total pressure  to  absolute  static pres- 
B U T ~  of RACA standard atmosphere at sea  level 
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6 / (PG Reynolds number index 

% combustion efficiency 

8 r a t io  of absolute   total  temperature at engine i n l e t   t o  abso- 
l u t e   s t a t i c  temperature of NACA standard atmosphere at sea 
level  

h & + B  
m + l  (see r e f .  32, Btu/lb fue l  

P deneity,  slugs/cu ~t 

(P ratio of absolute  viscosity of air at englne inlet   to   absolute  
viscosity of mACA standard atmosphere at sea  level 

Subscripts: 

a 

i 

R 

r 

S 

t 

X 

0 

1 

6 

7 

air 

fndicated 

ret ed 

rake 

scale 

efiaust-nozzle  throat 

engine-inlet  duct 

a l t i tude  test  chamber 

engine i n l e t  

turbine  outlet 

exhaust-nozzle i n l e t  
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APPENDIX B 

MEZTODS OF CALCULATIOR 

Total  temperatures were calculated from thermocouple-imcated 
temperatures  with the  equation 

3 

T =  

u 
i > 

An experimentally  determined  value of 0.85 w a s  used f o r   t h e   t h e m -  
couple  impact-recovery factor a. 

Air flow. - Engine-inlet air flow was determined from pressure and 
temperature  instrumentation at s ta t ion  1 by use of the  equation 

%,l = gplAlVl 

(21 

The various compressor-outlet  bleed flows and compressor-leakage air 
flow w e r e  determined to be about 2 percent of the  engine-inlet air f l o w .  
All bleed and leakage flows rejoined the main-stream flow before reach- 

. ing the exhaust  nozzle. 

CombustLon efficiency. - Combustion efficiency is defined as the 
ratio of the  actual  enthalpy  r ise through the  combustor to   the  theo- 
r e t i c a l  maximum enthal2y rise. The following equation was used to   ca l -  
culate collibustion efficiency: 

ha,7 + fX7  - ha,l 
% =  18,700f 

Thrust coefficient. - The nozzle thrust coefficient, which was 
used to   adjust  rake thrust t o  actual  thrust ,  was calculated as the 
r a t i o  of the j e t   t h rus t  obtained from force measurements on the test 
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bed t o  the rake j e t  t h r u s t .  Thrust  based on force measurements (scale 
thrust)  was obtained from the  equation 

The ideal  or  rake  Jet  t”t,  based on the survey at the exhauet- 
nozzle  inlet, was obtained from the  following  expression: 

Net thrust was obtained by subtracting the equivalent mmentum of 
the air at the engine i n l e t  from the j e t   t h rus t  

where Vo i s  given by the equation 

vo = 

with complete  ram-pressure  recovery assumed. 

, 

The r a t io  of hot  exhaust-nozzle mea t o  cold exhaust-nozzle area 
was t&en 8 8  1.01 for  all calculations herein. 
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APPENDIX c 

I n  order t o  illustrate the  use of the engine pumping characteris- 
tics, a problem i s  assumed at random as follows: 

It is  desired  to  determine the  net  thrust and specif ic   fuel  consump- 
-Lion of & J73-GE-lA engine  operating i n  an  airplane a t  the f o l l o e n g  
conditions : 

Pressure  altitude, ft . . . . . . . . . . . . . . . . . . . . .  38,000 
Ambient pressure, po.' lb/sq ft . . . . . . . . . . . . . . . . . .  431 
Fl ight  Mach number, % . . . . . . . . . . . . . . . . . . . . .  0.80 
Ambient a i r  temperature, OF . . . . . . . . . . . . . . . . . . . .  0 
Engine speed, N, r p m  . . . . . . . . . . . . . . . . . . . . . . .  7800 
Ram-pressure recovery . . . . . . . . . . . . . . . . . . . . . .  0.95 

It is  assumed tha t  for the  airplane  in  question a nonstandazd t & L  pipe 
is  required  such  that 0.04 of the  total   pressure is  l o s t  between the 
turbine  outlet and the exhaust  nozzle. 

=ne-inlet  conditions axe calculated BB follows: 

po (given) = 431 lb/sq f t  

Tl = t o  (. + %2) = 460[1 + 0.2(0.8) = 519O R 1 

@ = 1.00, since 8 = 1.0 

6 = 645.8/2ll6 = 0.305 

S/cp@ = 6 = 0.305 

= - = 0.981 
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From these  values,  the  engine  teurperature  ratio and pressure  ratio 
may be  determined as follows : 

A t  98.1  percent of rated corrected engine  speed and at a Reynolh 
number index of 0.305, the  engine total-pressure  ratio and engine to ta l -  
temperature r a t i o  are given in   f i gu re  6 as approximately 2.15 and 3.21, 
respectively. The exhaust-gas  temperature is then 

T7 = 3 .21T1 = 1666' R 

and the  total  pressure  for  the  standard engine at the exhaust  nozzle 
would be 

I n  order  to  allow  calculations  for  engines with nonstandard tail-pipe 
installations,  the  tail-pipe  pressure  losses  for  the  standard t a i l  
pipe are presented in   f i gu re  13 as a basis for  a correction  factor. 
For the engine i n  question,  the  eauet-nozzle  total   preseure is then 

P7 = 1388 1 = 1371 lb/sq f t  abs 

where 0.028 is the value of  (P6 - P7)/P6 for  the  standma engine and 
0.040 i s  the value for   the  engine i n  question. 

From figure 7, the  corrected air flow at a corrected speed. of 
7800  rpm is  

and, since 8 equals  unity, 

Wa 137.4 - 64508 - - 41.9 lb/sec 2l l6  

The temperature r i s e  across the engine (T7 - Tl) is (1666O - 519O) or 
1147' R. From figure 9, the   idea l   fue l -a i r   ra t io  is 0 .OI61. The com- 
bustion parameter WaT7 i s  (41.9xL666) or  6.98X1O4.  Hence, from f ig-  
m e  8, the actual combustion efficiency is 0.96. The actual  fuel-air  
r a t io  i s  then (0.0161/0.96) or  0.0168. The engine f u e l  flow is then 
given  by the product of the a i r  f l o w  and the   fuel-air  ratio 

dc m 
M 
0 
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2. McAulay, John E., and Kaufman, Harold R.: Altitude Wind Tunnel Inves- 
t igat ion of the  Prototype J40-WE-8 TIlurbojet Engine Without After- 
burner. NACA RM E5ZKl0, 1953. 

3. Turner, L. Richard, and Bog&, Donald: Constant-Pressure Combustion 
Charts  Including E f e c t s  of Dfluent  Addition. NACA Rep. 937, 1949. 
(Supersedes NACA TN's 1655 and 1086.1 

4 .  Eesse, W. 3. : A Simple Gross Thrust Meter Installation Suitable  for 
Indicating Turbo je t  w i n e  Gross Thrust i n  Flight. Tech. Rep. No. 
2-52, Test P i lo t  Training Div., Naval Air Test Center, Apr . 3, 1952. 
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Wf = W a ( f )  = 41.9(0.0168) = 0.704 lb/sec 

or  

Wf = 2535 lb/hr 

The jet  thrust of the engine may be determined rapidly by the  use 
of f i W e  11. TRe value of (1 .26P7 - po) is 1296  pounds per  square  foot, 
and hence the   j e t   th rus t  is given i n  figure U as 3090 pounds. 

Je t   th rus t  may be  determined  with more precision  by the use of 
equation (5). A t  a temperature of 1666' R and a fuel-air   ra t io  of 
0.0168, r7 is  1.330. The value of the  static pressure pt a t  the 
throat of the exhaust  nozzle may be  determined from the  following ex- 
pression  for  cri t ical   pressure  ratio:  

r7 r7-1 
P7 r7 + 1 
p t  
- = (  ) =1.850 

Kence, pt i s  741 pounds per  square  foot.  Substitution of these quan- 
t i t i es  into  equation (51 r e s u l t s   i n  a jet-thrust value of 3135 pounds. 
The th rus t  coefficient i s  1.00; hence no correction i s  required. Net 
thrust  is obtained by subtracting the momentum of the   i n l e t  air .  
Therefore, 

F, = FJ - W,Vo/g = 2039 lb 

since 

Vo 7 = 842 f t l s e c  

WaVo/g = (41.9](842)/32.2 = 1096 lb 
and 

The specific fuel consumption is 253512039 = 1.24 p0Unas of fue l  
per hour per pound of net thrust. 

1. Campbell, C a r l  E., and Sobolexski, Adam E.: Altitude-Chamber Inves- 
t igs t ion  of J73-GE-l.A Turbojet w i n e  Component Performance. NACA 
RM E53108. 
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0 Total pressure 
0 Static  pressure 
Q Thermocouple 

(a) Station 1, engine  fnlet. Passage 
height, 9.8 inches;  location, 37 inches 
upstream of inlet  guide  vanes. 

(b) Station 7, exhaust-nozzle inlet .  
Diameter, 23.5 inches; location, U.8 
inches  upstream of exhaust-nozzle  outlet. 

Figure 4. - Location of instrumentation (view looking downstream). 
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F i g u r e  5. - Operating conditions r e q u f r e d  to choke e x h a u s t  nozzle. - 



1.2 2.4 2.6 2.8 3 .O 3.2 3.4 3.6 3.8 
-ne total-temperature  ratio, TJT~ 

Figure 6. - Engine pumping characteristics. Fxtmust-nozzle area, 5-45 square inches. N 
UI 
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6600 7000 7400 7800 8200 8600 

Corrected  engine speed, N/&, rprh 

Figure 7. - mfect of Reynolds number index on engine air flow. 
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Combuation parameter, WaT7 
Figure 8 .  - Variation of engine  combustion eff ic iency with combustion parameter. 
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Ideal   fuel-air  ratio, W~/5S00Wa 
Figure 9. - Engine temperature r i s e  as function of ideal fuel-air r a t i o .  Lower 

heating  value, 18,700 Btu per pound; hydrogen-carbon r a t io ,  0.171. (Data  obtained 
from r e f .  3). 
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Figure 10. - Varlatlon of net t h t  end fuel Plow with true airepeed. 
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0 100 200 300 400 500 
True airspeed, VO, knots 

(a) Alt i tude,  50,000 feet. 

Figure 10. - Concluaed. Variat ion of net thrust and f u e l  flow with true airspeed. 
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(1.26P7 - po), lb/ap ft 

Figure 11. - Correlation of Jet thrust with exhaust-nozzle total pressure and ambient 
static pressure. 
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Distance,  percent  of radius from center line 
Figure 12. -5 Total-pressure  profiles  at  exhaust-nozzle inlet, station 7 
(4 rakes). 



34 NACA RM E53125 

1 

$0- 9.4 

!id 
.5J 2;+ 
k to\ 
s m P [ f  

.rl h $F? rn v 

a m  
I W  

i& 
A 

Corrected  engine  speed, N/A, rpn 
Figure 13. - Variation of tail-pipe-diffuser  total-pressure loss r a t i o  with  corrected 

engine  speed. 
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